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COMPLETE SPECIFICATION 

Process for Recovering Polyamines from Polyiaocyanate Reaction 

Products 



We, B. I. Du Pont De Nemours and 
Company, a Corporation organised and exist- 
ing under the laws of the State of Delaware, 
United States of America, of Wilmington, 

5 State o£ Delaware, United States of America* 
do hereby declare the invention for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 

10 by the following statement: — 

THIS INVENTION relates to a process 
for recovering polyamines from polyiso- 
cyanate reaction products by hydrolysis. 
The term u polyisocyanate reaction pro- 

15 ducts " as used in the specification is meant 
to include only those products which can 
be formed by a reaction involving the iso- 
cyanatc group (— NCO). The term includes 
compounds which can be derived from iso- 

20 cyanates, whether or not the ccrual manner 
in which the compound is obtained involved 
the -use of other react ants. For example, 
it includes the polyurea of toluene duso- 
cyan are whether it be made from toluene di~ 

25 isocyanate and water or from phosgene and 
excess tolylenediamine. Likewise, it includes 
urethanes whether they are made by re- 
action of isocvanates with alcohols or by 
the reaction of cbloroformates with amines. 

30 It does not include compounds made from 
isocyanatcs by reactions which do not in- 
volve the ■ — NCO group, such for example 
as ring halogenared aromatic dusocyanates 
made by halogenation of aromatic diiso- 

35 cyanates. 

In practice the hydrolysis process of the 
present invention will normally be applied to 
polyisocyanate reaction products which ate 
in the form of residues or remnants, for es- 

40 ample residues resulting from the prepara- 
tion of polyisncyanates "by the pho&genation 
of polyamines, which preparation is accom- 
panied by the formation of tarry materials. 

[Price As. 6d.\ 



Remnants occur, for instancy in the pro- 
duction of polyurethanes, especially in such 
final forms as foams, fibres, and moulded 
articles. These scrap materials and tarry 
residues contain some of the relatively ex- 

Eenaive polyamine starting materials used 
i the initial formation of the polyisocyanate 
reaction product. 

Hydrolysis is recognized as a means of 
recovering polyamines from polyisocyanate 
reaction products, such as phosgenation tars, 
and scrap polyuretbane plastics and elasto- 
mers, including cellular polyurethane pro- 
ducts. Most of disss materials are quite 
resistant to hydrolysis, and aqueous solutions 
of strong acids or base have been required 
to effect hydrolysis at ordinary pressures and 
temperatures. The cost of reagents and the 
complications involved in separating the 
hydrolysis products from the reaction 
medium make hydrolysis processes using 
acidic or basic agents unattractive. 

In an effort to avoid these problems, 
superatmospheric pressure hydrolysis pro- 
cesses have been developed. These processes 
involve treating the polyisocyanate reaction 
products with water in the* liquid state at 
temperatures of about 16*0^-250* C. and 
pressures ranging from 10 to 40 atmospheres. 
While they avoid the problems associated 
Vfith acidic or basic hydrolysis, they require 
the use of costly high uressure equipment 
which restricts their usefulness. 

According to the present invention poly- 
amines are recovered from polyisocyanate 
reaction products (as defined above) by a 
hydrolysis process in which a non-vclatilc 
polyisocyanate reaction product is hydrolyzed 
with steam superheated to a temperature of 
200-^00° C. 

By the process of the invention, polyamines 
can be obtained from phosgenation tats, uce~ 
thane polymers, polyisocyanate dimers and 
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tamers, and a wide variety of reaction pro-* 
ducts which can be made from polyiso- 
cyanates and active hydrogen compounds. 
The process is restricted in that the 
5 material being subjected to hydrolysis must 
be essentially non-volatile under tie condi- 
tions employed and must . not form inter- 
mediate lydrolysis products, short of the 
amine, which are volatile under the condi- 
10 tions employed. The term c * non-volatile n 
as used herein means substantially non- 
volatile at the temperature of the steam em- 
ployed. These restrictions are necessary be- 
cause polyisocyanate reaction products or 
15 intermediate hydrolysis products which are 
volatile under the conditions employed will 
be prematurely carried away from the 
hydrolysis zone by the passage of the super- 
heated steam. 
20 Since the steam is superheated the 
•hydrolysis is effected in the absence of con- 
densed water. 

The process can be conducted at atmo- 
spheric pressures or at a slightly elevated 
25 pressure- This permits the use of equip- 
ment of usual construction, rather than the 
high pressure equipment which is required 
iby hydrolysis processes employing super- 
heated water in the liquid state* 
50 The isocyanate reaction products which 
can be hydrolyzed by the process of the in- 
vention can bs derived from aliphatic, cyclo- 
ahpharic, arylalfcyl and aromatic polyiso-* 
cyanates, as long as the requirements for 
35 non-volatility are met. Representative ex- 
amples of isocyanates which may form such 
reaction products are: 
Aliphatic Diisocyanates 

Tetramethylcne dilsocyanate 
40 Kexamethylene diisocyanate 
Cycloaliphatic Diisocyanates 

Mjethylcydohe3cane-2 5 4^iii£ocyanate 
4,4^Diisocyanatoa^cycIohe^lmethans 
Arylalkyi Diisocyanates 
45 *»~Xylylene diisocyanate 
Aromatic Diisocyanates 

ToIuenen2 > 4-diisocyanate 
Tolu2ne-2 > 6-diisocyanate 
1,3-Phenylene dilsocyanate 
50 Cumene-2,4-dUsocyanate 

4^-Dusocyanatodrpbeflyl methane 
4,4^Diisocy8natodirihenyl ether 
1,5-Naphthalene diisocyanate 
^^iiso^anatodiphenyl 
55 S^Dtaemyl-^^dusocyanato- 
diphenyl methane 
5<3dorotduene^2/Wiisocyanate 
^Chlorophenylene-l^-diisocyanatc 
33-Dichtorotcduene-2^diis6cyanat!e 
60 Aromatic Triisocyanates 

Toluene»-2>4> 0 *- tr " soc y anate 
4^4 l 3 4^Ttiisocyanatotnphenyl methane 
2,4^ l -Trilsccyanatodiphettyl ether 
The piocess finds its greatest use in the 
65 recovery of diamines Scorn the reaction pro- 



ducts of diisocyanates, because diisocyanates 
are commercially more important than triisc- 
cyanaces. The non-volatility requirements 
are in general met by isocyanate reaction 
products prepared from either drisocyanares 70 
or triisocyanates. In general, the isocyanate 
reaction products derived from monoiso- 
cyanates ere too volatile to be hydrolyzed 
effectively by the new process. The recovery 
of diamines from reaction products of the 75 
toluene diisocyanate* 4»4 l diisocyanatodi- 
phenylraethane, hcxamethylene diisocyanate, 
and ^-diisocyanatcdicyclohexylmethane re- 
presents the most important application of 
the process, owing to the present com- 80 
mercjal importance cf these d? isocyanates, 
Obviously, new developments in the iso- 
cyanate field may change this situation. 

Isocyanate reaction products may be 
divided conveniently into two major classes; 85 
namely, products formed by the reaction of 
the isocyanato group with active hydrogen 
compounds (i.«. compounds giving a positive 
Zercwltmoff test), and products formsd by 
addition or condensation polymerization re- 90 
actions of the isocyanato group. 

Representative examples of the first class 
cf products include ureas, which can be 
prepared by reacting isccyanates with 
ammonia, primary amines and secondary 95 
amines, or 6y reacting many isocyanates with 
water; urethanes, which can be prepared 
from isocyanates and alcohols or phenols; 
amides, prepared by reacting aliphatic or 
aromatic carboxylic acids with isocyanates, 100 
accompanied by the loss of carbon diox:de; 
biurets, from isocyanates and ureas; and allo- 
phanarcs, from isocyanates and urethanes. 
This list is nor exclusive, but it does in- 
clude the most important examples of this 105 
class. The compounds in this class may 
be characterised by the presence of the 

H O 

1 I! 

— N — C — structural unit. 

This class of reaction products includes 
most of the materials whicn are likely to be 110 
subjected to hydrolysis by the present pro- 
cess on a commercial scale. It includes phos- 
gc nation cars, which consist mainly or ureas 
or polymeric ureas, though possibly also of 
smaller amounts of biuret, trimer, and car- 115 
bodimide* polyurethane plastics* elastomers 
and foams; and polyuria and polyamidc 
fibres and plastics. 

The second class of reaction products that 
can be hydrolyzed by the process of the in- 120 
vention includes the isocyanate dimers, iso- 
cyanate trimers (iaocyanurates) and car- 
hodiinaides. These compounds are made from 
isocyanates by reactions involving polymeriza- 
tion of the isocyanato group. Examples of 125 
such compounds are well-known in the 
aromatic series and though aliphatic iso- 
cyanate diraers have never been reported In 
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the literature, aliphatic isocyanate trimers 
and carbcdiimides are known. While the 
process of the invention may find little com- 
mercial application to the isocyanate reaction 

5 products of this class at present, it is never- 
theless capable of hydrolyzing even the iso- 
cyanate trimers which are known for their 
great stability toward hydrolysis and other 
reactions. The isocyanate dimers and trimers 

10 contain t£e structural unit — N — C — where P 

I P 
R O 

represents the radical to which the isocyanate 
group was originally attached. Carbodiimides 
have the structure R — N=C=N — R where 
R has the same meaning. 
15 As previously stated the essence of the 
invention lies in the use as hydrolysing agent 
of superheated steam at temperatures in the 
range 200—400° C. Superheated steam may 
he described as water vapour above its equi- 

20 librium condensation point. It does not 
contain any liquid water, nor can it exist 
in the presence of a separate liquid water 
phase. Water vapour can be at equilibrium 
with liquid water at temperatures ranging 

25 from 200—374.2° C. if pressures ranging 
from about 15 — 218 atmospheres are em- 
ployed. While hydrolysis can be carried 
out at such high pressures, it is one aim of 
this invention to avoid the need for expensive 

30 heavily-constructed processing equipment. 
Thus, it is preferred to operate the present 
process at pressures of 1 — 5 atmospheres. 
It is surprising that liquid water is not re- 
quired to bring about hydrolysis under these 

35 conditions. 

In practising the process of this invention, 
it is usually desirable to- employ a consider- 
able excess of steam over that required by 
theory to effect hydrolysis. When a large 

40 excess of steam is employed, the hydrolysis 
reaction will usually proceed more rapidly 
presumably as a result of good physical 
contact of the steam with the material being 
hydrolyzed. Furthermore, it is often desir- 

45 able to strip away the polyamine almost as 
rapidly as it is formed, In order to prevent 
excessive exposure of the polyamine "to the 
relatively severe temperature conditions 
which exist in the hydrolysis zone. Many 

50 of _ the polyamines which can be obtained bv 
this process do not steam distil readily, and 
a large quantity of steam is required for their 
removal. 

It has been found practical to use 2 — 10 
55 kg. of superheated steam/kg. of polyamine 
to be produced. Smaller quantities of steam 
can be used, but the rate of hydrolysis may 
be reduced. Greater quantities of steam 
are generally not required except in the 
60 case of very high boiling polyamines, and 
then only when it is desirable to remove 
the polyamine from the hydrolysis zone by 
steam stripping. In the case of the by- 



product tars or residues resulting from the 
phosgenation of m-tolylenediammes, 5— S 65 
kg. of steam/kg. of recovered diamine is 
preferred. 

Difficulty in meeting these requirements 
has been encountered with reaction products 
derived from monoisocyanates. For example, 70 
if N^-diphenyiurea is treated with super- 
heated steam at 300° C, it will be found 
that most of the urea distills with the steam 
unchanged. It is true that a trace of aniline 
is formed before all of the diphenylurea has 75 
been distilled away, but the process is not 
practical for recovering aniline from this 
material. By reducing the amount of steam 
used, a greater amount of the diphenylurea 
can be hydrolyzed before it is carried away 80 
by the superheated steam, but other diffi- 
culties, such as ensuring proper contact of 
the steam with the diphenylurea, again limit 
the usefulness of the process as a means for 
hydrolyzing diphenylurea. Even the non- 85 
volatile urethane prepared by reacting two 
moles of phenyl isocyanate with one mole of 
polytetramethylene ether glycol of molecular 
weight about 1000 cannot be effectively 
hydrolyzed to aniline, because this urethane 90 
when exposed to superheated steam at tem- 
peratures cf about 300° C. is changed back 
to the free glycol and N^-diphenylurea, the 
latter being removed from the system by 
steam-distiliation almost as Tapidly as it is 95 
formed by hydrolysis of the original urethane. 
As ^ with diphenylurea, a small trace of 
aniline is again formed, but the urea leaves 
the hydrolysis zone before any appreciable 
quantity of aniline has been produced. These 100 
difficulties have only been experienced with 
monc-isccyanates. The isocyanate reaction 
products derived from polyisocyanates Tin- 
eluding diisocyanates) are sufficiently non- 
volatile for hydrolysis to be easily completed 105 
before any substantial quantity of the'poly- 
isocyanate reaction product has distilled 'from 
the hydrolysis zone with the superheated 
steam. 

While the hydrolysis of most polyiso- 110 
cyanate reaction products will start at 200° 
O, the rate of the hydrolysis reaction can 
be increased significantly by operating at 
higher temperatures, e.g. 250— 3"50° C. By 
operation at these temperatures hydrolysis 115 
can be substantially completed in contact 
times ranging from 2 to 8 hours. While 
hydrolysis proceeds at temperatures down to 
200° C. or even lower, the times required 
to produce practicr.1 results will be quite 120 
extended. With materials that are parti- 
cularly difficult to hydrolyze, such as the 
aromatic diisccyanate trimers, temperatures 
approaching ths upper limit of 400° C. 
may be desirable. Hydrolysis will also occur 125 
at temperatures above 400° C, but thermal 
decomposition reactions which produce by- 
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product tars may reduce the quantity of 
polyamine obtained. 

With most polyisccyanate reaction pro- 
ducts, the progress of the hydrolysis may 

5 be folic wed "by measuring the rate at which 
carbon dioxide is evolved. This is relatively 
easy to estimate, because the vapours leaving 
the hydrolysis zone consist largely of steam, 
polyamine and carbon dioxide, from which 

10 the steam and polyamine may be readily 
condensed, the volume of the residual car- 
bon dioxide gas being measured with a wet 
test meter. In the case of those isocyanate 
reaction products which do not evolve carbon 

15 dioxide during hydrolysis, such as amides, 
the progress of the reaction may be followed 
by determining the quantity cf amine in a 
sample of condensed vapours or in a sample 
of the mass taken from." the hydrolysis zone. 

20 Determination of the amine present in these 
samples may be accomplished in a variety 
of ways including titration with sodium 
nitrite, gas chromatography, infrared or 
■ultraviolet spectrography, and polarography. 

25 The hydrolysis may be carried out in a 
variety of ways. In the case of infusible 
polyisacyanate reaction products in the parti- 
culate form cf powder or small granules, 
the superheated steam may be passed through 

30 the particles in a column. If the rate of 
steam How is properly adjusted, infusible 
powders or small granules can be fluidized, 
with the resulting well known excellent con- 
tact between the gas and solid. In em- 

35 ploying an arrangement of this type, it is 
usually desirable to remove the " product 
polyamine about as rapidly as it is formed, 
since otherwise there is danger that it will 
wet the infusible powder and cause sticking 

40 or C2king and so interfere with further 
hydrolysis. 

When employing this procedure, it is desir- 
able to heat the isocyanate reaction product 
to a temperature over 100° C. before intro- 

45 ducing the steam, to prevent wetting the 
particles with steam condensate which might 
cause caking. The necessary heat may be 
furnished by introducing a hot inert gas 
stream, or by heaters surrounding the column. 

50 Liquid polyisocyanate reaction products 
may be hydrolyzed in an agitated vessel, by 
introducing the steam underneath the surface 
of the liquid. 

While the above procedures are of use 

55 in specialized cases, there is a preferred 
procedure which has more general applic- 
ability. This comprises suspending the iso- 
cyanate reaction product in an inert high- 
boiling liquid and passing the superheated 

60 steam through the " suspension. This can 
be done in a"Variety of conventional types of 
equipment, including cokpans, towers, pipe 
line reactors and agitated vessels. 

The process may be operated both batch- 

65 wise and continuously, but is conveniently 



performed batch-wise in agitated vessels 
which may be heated either entirely by means 
of the superheated steam, or with the aid of 
auxiliary heating means. The passage of 
superheated steam may be started at any 70 
temperature, but it is preferable first to heat 
the suspending medium and isocyanate re- 
action product to about 1G0° C. or above to 
prevent the condensation of water in the 
reaction medium and to reduce the amount 75 
of steam required. 

While any liquid which is essentially non- 
volatile and inert may be used to suspend 
the isocyanate reaction products, the 
naphthenic hydrocarbon oils recommended 80 
as a medium for the process of U.S. Patent 
2,889,257 are especially preferred. These 
refined oils, of the nature of a lubricating 
oil bright stock, consist essentially of carbo- 
cyclic ring structures having parafrinic side 85 
chains. The majority of the carbocyclic 
rings are saturated, but a small proportion 
usually less than 10% may be aromatic. 
These refined oils are quite non-volatile and 
have good thermal stability under the con- 90 
ditions employed. They are poor solvents 
for polyisccyanate reaction products, which 
hcwever can readily be dispersed in them, 
especially in the presence of suitable surface 
active agents which will be described later. 95 

This process involving a suspension of the 
isocyanate reaction product in naphthenic 
oil is very convenient for recovering m- 
tolylenediamines from the by-product tars 
or solid residues resulting from their phos- 100 
genation, especially from the solid residues 
which are produced by the process of U.S. 
Patent 2,889,257. Since the solid residues 
produced by the process are already sus- 
pended in the naphthenic hydrocarbon oils 105 
described above, treatment with steam may 
be carried out either direcdy or after in- 
creasing the concentration of solid phos- 
genation residue in the oil by partial filtration 
or thickening. 110 

Surface active agents which are particularly 
useful in suspending polyisocyanate reaction 
products in the naphthenic hydrocarbon oils 
are described in U.S. Patent 2,810,681. They 
are normally used in lubricating or fuel oils 115 
to reduce sludge formation and to disperse 
any solids which form or are already present. 
In the present process these surfactants 
appear to act in a similar manner by dis- 
persing and preventing the agglomeration 120 
of the polyisocyanate reaction product during 
the hydrolysis. These surfactants are pre- 
ferably addition type copolymers containing 
in combined form as their essential mono- 
meric components, (a) copolymerizable 125 
ethylenically* unsaturated compounds which 
contain only one polymerizable ethylenic 
linkage, at least one of which components 
is amine-free and contains from 8 to IS 
carbon atoms in an aliphatic hydrocarbon 130 



991,3*7 



5 



chain, which in the polymer ie not part of 
the main chain, and (b} a compound con- 
taining a basic amino-nitrogen in the side 
chain, the said copolymer containing 0.1 % to 

5 3.0% by weight of basic ammo-nitrogen. 

The amine-frcs components employed in 
the preparation of these copolymers include 
the long drain alfcyl methacrylates such at 
lauryl methacrylat;, tridecyl methacrylate, 

10 octadocyl mcthscrylatc, n-octyl methacrylate, 
2-hexylethyl methacrylate, s-capryl meth- 
acrylau, n-decyl acrylate, and such com- 
pounds as vinyl kuratc, ar-dodccyl-styrenc, 
laurylethyl irialeste, leuryl fumarate, dodecyl- 

15 hexyl-styreiie. Suitable compounds arc more 
particularly described in* U.S. Patents 
2,656,044, 2J37A9S and 2,737,452. 

The second component of the copolymer, 
which contains the oasic nitrogen in the side 

20 cham, may be exemplified by such com- 
pounds as 0-dtcdiylairunoethyl methacrylate, 
f - diethylaminoethyl-Etyrene, 2-methyl-5- 
vinyl-pyridine, 4-^vinyl-pyridinc, 4-dimethyI- 
aminccyclohcxyi methacrylate, .6-dicyclohcxyl- 

25 aminoedxyl methacrylate, diallylamme; other 
basic amino-nitrogen compound including 
primary, secondary and tertiary amines, as 
more particularly exemplified in the patents 
above mentioned may be uszd. As illustrated 

30 in these patents, the basic ammo-nitrogen 
containing"' component that imparts sludge- 
inhibiting and dispersing properties can be 
introduced^ through the use of appropriate 
copolymerizable monomers containing 

35 primary, secondary* and tertiary amino-mtro- 
gen that is attached ultimately to the chain 
of the polymer as part of an extra-linear 
substltuent group in" which the nitrogen is 
joined cxtrariuclcarly only to non-benzenoid 

40 carbon atoms. The amino groups can be 
?ttachcd to the main copolymer carbon chain 
through strictly hydrocarbon structures or 
through ether, e3ter, or amide linkages. The 
amount of first and second component em- 

45 ployed will of course be that required to 
give in the final polymer a basic nitrogen 
content ef 0.1'^ to- 3.0% of the total weight 
of the nolymar. Usually 75% to 95% of the 
lom? chain methacrylate with 5% to 25 

50 of the basic nitrogevcontaimng monomer will 
give a desired product. 
9 These surfactants may also contain addi- 
tional copolymerizable components which 
may be added to the polymer to maintain 

55 the basic nitrogen content wilhia the range 
specified above, as more particularly illu- 
strated in U.S. Patents 2,666,044 and 
2,737,496. 

The preferred surfactant is a 90:10 (by 
60 weight) copolymer of technical lauryl meth- 
acrylate and E-diethylamino2thyl methacryl- 
ate," but any of the surfactants disclosed abov-s 
may be used to advantage. The surfactant 
should be used in amounts equal to 0.1 — 
65 3.0% based on the weight of naphthenic 



hydrocarbon oil. The addition of 0.3—0.5% 
of surfactant to naphthenic oil has been 
found to be adequate to maintain vhozgtm- 
tion residues well dispersed throughout thi 
course of the hydrolysis reaction. 70 

In recovering amines from polyurethanes 
derived from isoeyanatcs and high molecular 
weight polyalkylensether polyols, hydrolysis 
may be conveniently carried out by suspend- 
ing the polyisocyanate reaction product in 75 
a portion of the polyalfcyleneether polyol con- 
tained in the polyurethane rather than the 
naphthenic oil described above. If sufficient 
steam is used to remove the polyamidc, the 
polyalkyleneethcr glycol portion of the poly- 80 
ursthans will remain in the hydrolysis zone 
along with the t>olyol which was present 
at the start of Ac hydrolysis. A ^portion 
of the polyalkyleneethex polyol in the 
hydrolysis vessel can be drawn off and a 95 
new charge of polyurethane material added 
and the passage" of steam repeated to pro- 
duce additional polyarnine and polyaUkylene- 
ethcr pclyol. Since most polyalkylcnecther 
polyols are temperature stable and resistant 90 
to hydrolysis, temperatures in the range 
300— 350 p C. may be emnloyed. In such 
a process surfactants arc not required. 

In the case of polyurias, roolyurethanea 
and polyamides which are derived at least 95 
partially from low molecular weight glycols, 
polyole, amines, and carboxylic acids, poly- 
amines produced by the process of the in- 
vention will be accompanied by these low 
molecular weight intermediates. For ex- 100 
ample, if a polyurethane prepared from 
hexamethylene diisocyanate and ly44mtanc- 
diol is subjected to steam hydrolysis, both 
hcxamcthylenediamine and butanediol will 
be stripped from the hydrolysis zone and 105 
•when condensed will be present as a mix- 
ture. In most cases, this is not a serious 
disadvantage, since the materials usually 
can be separated caily by fractional distilla- 
tion, and it may be of advantage economically 1 10 
since both of tie materials recovered may be 
of value. Naturally, if the reaction products 
hydrolyzed are prepared by reactions involv- 
ing more than one palyisocyanate, a mixture 
of polyamines will fee recovered. It should 115 
be pointed out that polyurethanes derived 
from polyisocyanates and polyester glycols 
are capable of undergoing hydrolysis of the 
polyester linkages in the polymer as well 
as of the linkages derived by reaction of the 120 
isocyanato jgreups, and the value of the pro- 
cess of this invention in recovering poly- 
amines from polyurethanes containing poly- 
ester portions depends to a certain extent 
on the materials from which the polyester 125 
glycol or polyol was derived orguially. 

When the process of the invention is 
operated with sufficient superheated steam to 
remove polyamlne about as rapidly as it is 
formed, the polyarnine may be isolated by 130 
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condensing water and pdlyamizie vapours 
leaving the hydrolysis zone, and distilling 
to separate water and polyamine from any 
nonrvolatile materials wnich may have been 

5 entrained during the passage of steam. Partial 
condensation of the vapours from the 
hydrolysis zone may often be used to ad- 
vantage if the polyamine is sufficiently hi^b 
boiling and has little tendency to steam distil. 

10 When the quantity of steam employed to 
effect hydrolysis is not sufficient to remove 
the polyamine from the hydrolysis zone, the 
polyaminc can be isolated by conventional 
means such as distillation or extraction. 

15 Certain polyisocyanate reaction products 
which may be subjected to hydrolysis by the 
process of the present invention may con- 
tain free polyisocyanates. This is particularly 
true of such materials as phosgenation 

20 residues, since removal of the last traces 
of polyisocyanate may be very difficult. If 
superheated steam is cassed directly through 
a polyisocyanate reaction product containing 
a tree polyisocyanate, a portion of the polyiso- 

25 cyanate will often steam distil away from 
the hydrolysis zone unchanged and be con- 
verted to a polyurea at some point in the 
equipment beyond the hydrolysis zone. Since 
polymeric ureas are quite high melting: and 

30 non-volatile they may form throughout the 
equipment beyond the hydrolysis zone solids 
■which may eventually plug the equipment 
or interfere with the operation of the pro- 
cess. This can avoided if polyisocyanate 

35 reaction products containing some free poly- 
isocyanate are first contacted with water 
at a temperature near 100° C to convert 
the polyisocyanate to the less volatile rolv- 
urea before the hydrolysis. Alternauvejy 

40 another active hydrogen-containing material 
such as ammonia, an alcohol, an amine or 
hydrogen sulphide, may be used to react 
VJtirh the free polyisocyanate before the 
hydrolysis. 

45 The following Examples illustrate the in- 
vention. Parts and proportions are by weight 
unless otherwise indicated. 

Example 1 
Powdered toluene diisocyanate phosgena- 

50 lion residue obtained from the process of 
United States Patent 2*810,681 is washed 
well with petroleum ether to remove the 
naphthenic hydrocarbon oil used in produc- 
ing it. The v/asfaed phosgenation residue is 

55 air-dried to remove most of the uettoteum 
ether, and -Disced in an oven at 70° C. to 
complete the removal of solvent. The dry 
phosgenation residue is placed in a column 
which is eouipned for hearinjr and has pra- 

60 vision for the introducuoa of steam at the 
bottom. The cohmm is connected at Its 
upper end to a downward water-cooled con- 
denser, so that steam and condensable 
vapours passing up the column may be 



collected by condensation. The column and 65 
the phosgenation residue contained in iz 
are beared to above 100° C Sufficient 
steam superheated to a temperature of about 
200* Co is introduced to fluidize the bed 
of dry phosgenation residue. When the 70 
steam is first introduced, the temperature 
of the vapours above the fluidized bed of 
phosgenation residue is 101° Q, but owing 
to the heat content of the superheated sceam s 
(plus the heat introduced by the column 75 
heaters) the temperature rises to about 240° 
C in about 1/2 hr. Once the temperature 
has reached 240* C, the passajje of super- 
heated steam is continued for about 4 hours, 
during which time the temperature of the 80 
vacour over the fluidized bed ranges between 
about 240 and 245° C. The velocity of the 
steam in the column is about 6 cm. /sec. 
The vapours leaving the column, which 
comprise water, w>tolyIencdianunc and car- 85 
boa dioxide, are cassed through the watsr- 
cooled condenser." 200 pans of condensate 
is obtained for every 100 parts of residue 
initially charged to the column. The con- 
densate is analyzed for »»-tolyler.ediaraine 90 
by polarogranhic analysis, standardized with 
pure ro-tolylenediarnine. a The solution is 
found to contain a quantity of amine equi- 
valent to about 7 parts of m-tolylenediamine 
for each 100 parts of the phosgeniiticn 95 
residue initially charged. 

Example 2 
About 400 parts of a naphthenic hydro- 
carbon oil having a Saybolt Universal 
viscosity of 150 seconds at 99° C. is placed 100 
in a heated vessel equipped with an agitator, 
a condenser leading to* a receiver, and an 
inlet placed near its bottom for the intro- 
duction of super-heated steam. About 150 
parts of dry powdered phosgenation residue 105 
prepared as described in Example 1 is intro- 
duced into the oil. The resulting slurry is 
asitated, and heat is tsupctfed to the vessel. 
When the temperature of the slurry reach is 
190° C> ths flow of superheated steam 110 
through the slurry is started. The tempera- 
ture of the super-heated steam rangzs from 
350° to 370° "C The passage of steam is 
continued for a period of two hours at a 
rate of about 2C0 parts/hr., during which 115 
time the temperature of the slurry increases 
from 190° to 250° C. All condcnsabls 
vapours are collected by msans of the con- 
denser. Substantially all of the carbon di- 
oxide evolved as a result of hydrolysis passes 120 
through the condensation system to the atmo- 
sphere. A toial of about 407 parts of 
distillate is collected, and analysis" of this 
condensate by polarographic assay shows the 
presence of 31.9 parrs of wi-tclylenedfam ; ne. 125 
This is equivalent to 21.2 parts of m- 
tolylenediamine per 100 parts of phosgena- 
tion residua. 
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Following the passage of steam, the re- 
action vessel is opened and examined. It 
is found to contain some small lumps of 
material above the surface of the oiL The 
? lumps have the appearance of an expanded 
or gas-blown plastic mass. 

Example 3 
The process of Example 2> is repeated 
except that 8 parts of 90:10 copolymer of 

10 technical lauryl methacrylate ana £-diethyl- 
aminoethyl methacrylate is added to the 
400 pans of naphthenic hydrocarbon ofl prior 
to the passage of steam. Polaxocraphic 
analysis of the condensate produced In this 

15 run shows that 31.7 parts of m-colylene- 
diamine is produced per 100 parts of dry 
phosgenation residue. 

The reaction vessel is again opened for 
inspection. The walls of the vessel are 

20 free of material above the oil level, and no 
lumps of the type found following the run 
in Example 2 "are present. The non- 
hydrolyzsble solids remaining in the oiL 
are dispersed uniformly. 

25 Example 4 

About 2020 pares of the naphthenk hydro- 
carbon oil used in Example 2 is placed m 
a heated vessel equipped" with an agitator, 
condenser, and steam inlet. About 15 parts 

30 of a 90:10 copolymer of technical lauryl 
methacrylate and ^-dicthylaminoethyl meth- 
acrylate is added to the oil. Agitation is 
started in the vessel, and 960 parts of a 
tarry distillation residue, resulting from the 

35 preparation of a 4:1 mixture of toluene-2 a 4- 
and tolucno-2,6-dij5ocyanate by phosgenation 
of mixed m-tolylenediamirte isomers, is added 
at room temperature. The distillation residue 
contains 32 A% toluene diisocyanate and 

40 67.6% non-volatile phosgenation by-products. 
The slurry of distillation residue is first 
treated with water to convert tree toluene 
diisocyanate into polymeric ureas. To do 
this the contents of the vessel are heated 

45 ro 100° C. and 3 parts ol triethyknediamine 
is added. About 350 parts of a 2% solution 
of hydrogen peroxide m water is then added 
over a period of about 1 hour. The tri- 
ethylcmcdiarnine and hydrogen peroxide are 

50 added to catalyze the reaction of water with 
the toluene diisocyanate. The mixture is 
refluxed for about 2 hours, after which time 
the evolution of carbon dioxide ceases, 
indicating completion of the reaction between 

55 water and toluene diisocyanate. The water 
remaining: in the vessel is then distilled off, 
and the temperature of the dry oil slurry is 
raised to about 260° C, at which point 
superheated steam at a Temperature of about 
315* C is introduced- The passage of 
superheated steam at a rate of about 300 
rarts -per hour is continued for 8 hours, 
during" which the temperature of the oil 



in the hydrolysis vessel ranges from 310 to 
335* C The condensate obtained consists 65 
of two layers; an aqueous layer containing 
fcf-tolyhncdiamino and a small layer of steam 
distilled naphthenic hydrocarbon oil. The 
oil layer is separated from the aqueous 
phase and may be returned to the hydrolysis 70 
vessel for re-use. 

Water is thsn removed from the aqueous 
layer by distillation at atmospheric pressure. 
The w-tolylenediarnine remaining alter the 
removal cf water, is dittilled under vacuum 75 
at about 10 mm. Hg„ About 419 parts of 
distilled m^olylenediaimne i$ recovered, and 
the substentiafiy non-volatile residue remain- 
ing after distillation of the diamine amounts 
to 19 pans. If it is assumed that the toluene 80 
diisocyanate initially present in the tar 
is converted in theoretical amount to m~ 
tolylenedi amine, the yield cf rn-tolylenedi- 
amine from the pliosgsnaticn residue portion 
of the initial tcr sample amounts to 35.5 85 
parte of diamine/100 parts of phosgenation 
residue. 

Example 5 
About 1508 parts of naphthenic hydro- 
carbon oil as used in Example 2> and 15 50 
parts cf a 90: 10 ccpolvmer of technical lauryl 
methacrylate and £-diethylaminoethyl meth- 
acrylate are placed in an agitated vessel as 
described in Example 2. About 500 parts 
of crude M'-diisocyanatodiphenylmethane is 95 
added to the oil with agitation at about 30° 
C. The crude 4,4 1 -diisocyanatocUphenyl- 
methane is about 85% pure, the remainder 
being phosgenation tars. The temperature 
of this mass is raised to 1C0* C. and 2 parts 100 
of triethvlencdiamuie is added, followed by 
about 2<>0 parts of water. The 4,4'diiso- 
cyanatodiphenylmethace is reacted with the 
water by refluxing at a temperature of 100— 
110° C. for one hour. The excess water i°5 
over that required to convert the diisocyanate 
to polymeric ureas is removed by distillation 
at atmospheric pressure, and the tempera- 
ture of the oil in the vessel is raised to about 
2CG* C Superheated steam at about 315° HO 
C. is introduced at a rate of 250 parts/hr for 
4 hours while the temperature of the oil is 
maintained at 320—360° C. 44 , -Methylene- 
dianiline is recovered from the condensate 
by distillation. The ^-methylenedianilinc H5 
distills at about 220 — 235° C at 1 mm. Hg. 
About 111 parts of the diamine is obtained. 
The diamine has a freezing point of 84.7° C. 
and gives the same infrared absorption 
spectrum as a known sample of 4*4*- 120 
methylenedianiline. 

Example 6 
A solid polymeric urea is prepared by re- 
acting 920 pans of toluene dissocyanate (hav- 
ing a composition corresponding to SO parts 125 
of tolucne-2,4-diisocyaante and 20 pans 
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tolucne^2 3 6-dfoocyanate) with about 2C0 
parts of water in the presence of 1467 jjarts 
of naphthenic hydrocarbon oil as speeirlsd 
in Example 2 and two parts of methylene- 
's diamine. The reaction of the diisocyanatc 
with water is conducted at about 100° C 
under reflux. When the toluene diisocyanaie 
lias been completely coavctted to polymeric 
ureas as indicated by a cessation of the 
10 evolution of the carbon dioxide, excess water 
is removed by distillation at atmospheric 
pressure. The slurry of polymeric ureas in 
oil is placed in a reaction vessel as described 
in Esampb 2- The slurry is heated to about 
15 200* C and the passage of superheated steam 
ar about 315° C is initiated. Hydrolysis is 
ccarinucd at temperatures ranging from 300 
to 340° C. for 12 hours with a steam flow 
of about 250 parts/hr. The condensate 
20 consisrs of an aqueous layer containing 

tolylenedi amine and an oil layer. The oil 
layer is separated and saved for re-use* Water 
is removed from the aqueous layer by distilla- 
tion at atmosptheric pressure, and the crude 
25 j?i-tolylen^di amine remaining is recovered by 
distillation under vacuum. A total of 553 
pans of distilled diamine is recovered* which 
oorrescands to 87.3% of the theoretical 
amount obtainable based on the stanfcg 
30 toluene dusocvanste used for the prepara- 
tion of the polymeric ureas. 

Example 7 
A polymeric urea is prepared from hexa- 
metbylene diisocyanate by reacting 352 pans 

35 of hes^mechylene diisocyanate dissolved in 
1892 parts of ethyl acetate with an excess 
of 109 parts cf water in the presence of 5 
parts of triethylmediarnine and 30 pares of 
3% hydrogen peroxide in water. The r> 

40 action is carried out by adding the water to 
the solution of hexamethylene diisocyanate 
in an agitated vessel equipped with a reflux 
condenser. The water Is added over about 1 
hour at 77* C, at the end of which time 

45 the reaction is complete* no further carbon 
dioxide coming off. The resulting slurry of 
polymeric ureas in ethyl acetate is agitated for 
16 hours, filtered and washed with petroleum 
ether. The solid cake is dried in the air. 

50 The polymeric urea so produced is charged 
into about 1500 pans of naphthenic hydro- 
carbon oil, described in Example 2, contain- 
ing 20 parts of a 90:10 copolymer of 
technical lauryl methacrylate "and £-di- 

55 ethylaminoethyl methacrylate* The slurry of 
polymeric ureas in oil is heated to a tem- 
perature of about 200° C, and the flow of 
superheated stesm through the slurry is 
' initiated. Over about 1 hour the tempera- 

60 ture is raised from 200 to 300* C Passage 
of superheated steam at about 315° C* is 
continued for an additional 2 hours at a 
rate of 200 parts/hr. 9 the temperature in the 
hydrolysis zone ranging from 300 to 350° C, 



Water is removed from the condensate 65 
by distflaition at atmcspherb pressure. 
The residue remaining after the atmo- 
spheric distillation is distilled under vacuum. 
About 183 jeans of distilled hexa- 
methylene diamine is obtained in this fashion. 70 
This corresponds to a theoretical yield of 
75.5% 'based on the hexamethyleac diiso- 
cvanate initially used. The infrared absorp- 
tion spectrum of the recovered hsxamerhylene 
diamine is identical with that of an authentic 75 
sample of hexamethyiene diamine. 

Example 8 

250 parrs of tohtene-2>4-d i Isocy ana r 3 dis- 
solved in 1200 parts of dry 0-dichloro- 
benzene, is trimenzed by the addition of 25 80 
parts of diethylarnine and 5 parts of p- 
Simethylatninomerhylphejiol. The solution 
is stirred for about 30 minutes at room tem- 
perature, after which solids appear and the 
reaction mass becomes almost solid. A 85 
small portion of the solids is washed with 
petroleum ether, dried m a vacuum oven at 
100° C, and examined by infrared analysis. 
The solids exhibit strong absorption at 5.85 
Angstrom units, which j$ recognized as the 90 
trimer absorption wave length. 

The slurry cf trimer in o-dichlorobenzene 
is transferred to a hydrolysis vessel as des- 
cribed in Example 2 containing 1500 parts 
of naphthenic hydrocarbon oil and 20 parts $5 
of a 90:10 copolymer of technical lauryl 
methacrylate and /3-dkchvlarninccthyl mcth- 
actylate. First the o-dichlorobenzenc is re- 
moved by distinction at atmospheric pressure. 
When the temperature of the oil containing 100 
the trimer reaches about 200° C, flow of 
superheated steam at about 315° C through 
the slurry is initiated. The flow of steam 
is continued at a rate of about 250 perts/hr. 
while maintaining the temperature of the 105 
oil slurry at about 330—363* C for about 
4 hours. The condensate obtained consists 
of two layere, a largi aqueous layer con- 
taining ffj-tolyienediamifte and a small layer 
of steam-distilled naphthenic hydrocarbon oil. 110 
The nanhrhenic hydrocarbon o3 layer is 
separated and the aqueous layer is distilled. 
About 174 parts of distilled n^tolylene- 
diainine is obtained. This corresponds to a 
yield of 81.5% of theory, . 115 

WHAT WE CLAIM IS:— 

1. A process for obtaining a polyamine 
which comprises hydrolyzins a non-volatile 
tjolyisocyanate reaction product (as herein- 
Defers defined) with superheated steam at a 120 
temperature of 200— 460° C 

2. Process according to claim 1, wherein 
the polyisocyanatc reaction product is con- 
tained in a pbosgenarion tar, or polyurethane, 
polyurea or poiyamide. 125 

3. Process according to claim 1 or 2, 
wherein the polyamine produced is removed 
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from, the hydrolysis zone by distillation with 
excess of the superheated steam. 

4. Process according to any one of the 
preceding claims, wherein the polyisocyanate 
reaction product is heated to at least 100° 
C. before hydrolyzing it with the super- 
heated steam, 

5. Process according to any one of the 
preceding claims, wherein the polyisocyanate 
reaction product initially contains some un- 
reached polyisocyanate from which it is freed 
before it is contacted with the superheated 
steam. 

6. Process according to any one of the 
preceding claims, wherein the polyisocyanate 
reaction product is a phosgenation tar pro- 
duced in the phosgenation of WMoIylene- 
diamine, 4,4^diasnmodiphenvlmethane, hexa- 
methylene diamine, or 4y4^diaminodicyclo- 
hcxylmethane, 

7. Process according to any one of the pre* 
ceding claims, wherein the polyisocyanate 
reaction product is treated with, the super- 
heated steam while dispersed in an inert 
organic liquid. 

8. Process according to claim 7, wherein 
the dispersion is heated to at least 100° C. 
before hydrolyzing it with the superheated 
steam. 



9. Process according to claim 7 ox $> 30 
wherein the inert organic liquid is a 
naphthenic hydrocarbon oil. 

10. Process according to any one of claims 
7—9, wherein the inert organic liquid con- 
tains a surfactant. 35 

XI. Process according to claim % where- 
in the naphthenic hydrocarbon oil contains 
as a surfactant a copolymer obtained from 
9o parts by weight of technical lauryl meth- 
acrylate and 10 parts by weight of £-di- 40 
ethylaminoethyl methacryJate. 

12. Process according to any one of claims 
1—6 wherein a polyurethane derived from a 
porya&ylene ether glycol or polyol is 
nydrolyzed in suspension in a poiyaUcylene 45 
ether glycol or polyol identical with that from 
which it is derived. 

13. Process for obtaining a polyamine 
according to claim 1, substantially as here- 
inbefore described. 50 

14. Polyamine s obtained by a process 
claimed in any one of the preceding 
claims. 

J, A. KEMP & CO., 
Chartered Patent Agent, 
14, South Square, 
Gray's Inn. 
London, W.C.I. 
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